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^ (54) Title: ENDOSCOPE HAVING A GUIDE TUBE 

^ (57) Abstract: An endoscope having a guide tube is described herein. The assembly has an endoscope which is slidably insertable 
within the lumen of a guide lube. The guide tube is configured to be rigidizable along its entire length from a relaxed configuration. 

2 The endoscope has a steerable distal portion to facilitate the steering of die device through tortuous paths. In the relaxed configu- 
ration, a portion of the guide tube is able to assume the shape or curve defined by the controllable distal portion of the endoscope. 

Q Having assumed the shape or curve of the endoscope, die guide tube may be rigidized by the physician or su^eon to maintain that 

^ shape or curve while die endoscope is advanced distally dirough the tortuous padt without having to place any undue pressure against 

^ the tissue walls. 
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ENDOSCOPE HAVING A GUIDE TUBE 

CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] Tbis is a continuation-in-part of U.S. Patent Application Serial No. 

09/969,927 filed October 2, 2001, which is a continuation-in-part of U.S. Patent 
Application Serial No, 09/790,204 filed February 20, 2001, which claims priority of U.S. 
Provisional Patent Application Serial No. 60/194,140 filed April 3, 2000, each of which is 
incorporated herein by reference in its entirety. 

FIELD OF THE INVENTION 
[0002] The present invention relates generally to endoscopes and endoscopic 

medical procedures. More particularly, it relates to a method and apparatus to &cilitate 
insertion of a flexible endoscope along a tortuous path using a guide tube apparatus, such as 
for colonoscopic examination and treatment. 

BACKGROUND OF THE INVENTION 
[0003] An radoscope is a medical instrument for visualizmg the interior of a 

patient's body, l^doscopes can be used for a variety of different diagnostic and 
interventional procedures, including colonoscopy, bronchoscopy, thoracoscopy, 
laparoscopy and video endoscopy. 

[0004] Colonoscopy is a medical procedure in which a flexible endoscope, or 

colonoscope, is inserted into a patient's colon for diagnostic examination and/or surgical 
treatment of the coIoil A standard colonoscope is typically 135-185 cm in length and 12- 
19 mm in diameter, and includes a fiberoptic imaging bundle or a miniature camera located 
at the instrument's tip, illumination fibers, one or two instrument chaimels that may also be 
used for insufflation or irrigation, air and water channels, and vacuum channels. 
[0005] The colonoscope is inserted via the patient's anus and is advanced through 

the colon, allowmg direct visual lamination of the colon, the ileocecal valve and portions 
of the tmninal ileum. Insertion of tiie colonoscope is complicated by the fact that the colon 
represents a tortuous and convoluted patii. Considerable manipulation of tiie colonoscope 
is often necessary to advance the colonoscope through the colon, making the procedure 
more difGcult and time consuming and adding to the potential for complications, such as 
intestinal perforation. 

1 
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[0006] Steerable colonoscopes have been devised to facilitate selection of the 

correct path though the curves of the colon. However, as the colonoscope is inserted 
farther and farther into the colon, it becomes more difficult to advance the colonoscope 
along the selected path. At each turn, the wall of the colon must maintain the curve in the 
colonoscope. The colonoscope rubs against the mucosal surface of the colon along the 
outside of each turn. Friction and slack in the colonoscope build up at each turn, making it 
more and more difiicult to advance and withdraw the colonoscope. In addition, the force 
against the wall of the colon increases with the bxiildup of ftiction. In cases of extreme 
tortuosity, it may become impossible to advance the colonoscope all of the way through the 
colon. 

[0007] Steerable endoscopes, catheters and insertion devices for medical 

examination or treatment of internal body structures are described in the following U.S. 
patents, the disclosures of which are hereby incorporated by reference in their entirety: 
4,543,090; 4,753;i23; 5,337,732; 5^37,733; 5,383,852; 5,487,757 and 5,662,587. 

BRIEF SUMMARY OF THE INVENTION 
[0008] An endoscopic assembly and method of advancing the assembly which is 
able to traverse tortuous paths, such as the colon, without excessively contacting the walls 
of the colon is described herem. Hie assembly generally comprises a combination of an 
^doscope whidi is slidably insertable within the lumen of a guide tube. The endoscope 
may be any conventional endoscope having a shaft which extends from a handle. The 
distal end of the shaft preferably comprises a controllable distal portion \sdHch may be 
manipulated to &cilitate the steering of the assembly through the tortuous path. The guide 
tube may be a conventional flexible conduit which is configured to be rigidizable along its 
entire length fix)m a relaxed configuratioiL In tiie relaxed configuration, a portion of tiie 
guide tube is able to assume the shape or curve defined by the controllable distal portion of 
the endoscope. Having assumed the shape or curve of the endoscope, the guide tube may 
be rigidized by the physician or surgeon to vr\t*^nfam that shape or curve. 
10009] Alternatively, the guide tube may also be used with an endoscope having an 

automatically controlled proxhnal portion and a selectively steerable distal portion. Such a 
controllable endoscope may have a distal portion which is manually steerable by the 
physician or surgeon to assume a shape to traverse an arbitrary curved path and a proximal 
portion which is automatically controlled by, e.g., a computer, to transmit the assumed 
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shape along the proximal portion as the endoscope is advanced or withdrawn. More 
detailed examples are described in copending U.S. Patent Application Serial No. 
09/969,927, which has been incorporated above by reference in its entirety. 
[0010] The guide tube may be comprised of a plurality of individual segments 

which are linked adjacent to one another via one or more tensioning wires or elements. 
These tensioning elements may be placed circumferentialiy about each of the segments and 
preferably run throughout the length of the guide tube through each of the individual 
segments. When the guide tube is to be rigidized, the tensioning elements may be pxjUed or 
tightened to draw the segments together such that the entire guide tube becomes rigid. The 
tensioning elements may then be loosened such that the individual segments may move 
relative to one another. 

[0011] In use, e.g., in the colon, the physician or surgeon may typically first 

advance the distal portion of the endoscope within the body of the patient. When the first 
curve of the colon is approached, the user may appropriately steer the distal portion of the 
endoscope to assume a curve for traversing the path. At this point, the endoscope is 
preferably held stationary relative to the patient while the guide, in a relaxed and flexible 
state, is advanced over the shaft of the endoscope until the distal end of the guide tube is at, 
or a short distance past, the distal tip of the endoscope. Once the guide tube, or at least its 
distal portion, has assumed tiie curve formed by the controllable distal portion of the 
endoscope, the guide tube may tiien be rigidized, preferably along its length, to hold its 
assumedshape. Qncethisisdone,fheendoscopenmy be fiirther advanced witi^ 
rigidized guide tube to traverse tiie curved pathway without having to place any pressure 
against the walls of die colon. The steps for advancing the endoscope may be repeated as 
necessary until the desired area within the body has been reached. 
[0012] At my point during the exploratory procedure, the guide tube may be 

removed fix)m the colon while leaving the endoscope behind. To remove the assembly 
fromtiie colon, the guide tube may first be withdrawn and the endoscope may be 
subsequentiy withdrawn. Alternatively, the above steps may be repeated in reverse order to 
withdraw both the guide tube and the endoscope from the region. 
[0013] The outer surface of the guide tube preferably has a tubular covering which 

covers at least a majority of the tube to prevent the entry of debris and fluids within the 
lumen of the guide tube between the individual segments. The covering also facilitates the 
advancement and withdrawal of the guide tube by preventing tissue from being pinched 
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between the segments. To prevent tissue from being pinched between the guide tube and 
endoscope during assembly movemeait, expandable beUows or an additional covering may 
optionally be placed over the distal opening of the guide tube. This additional covering 
may sunply be an integral extension of the covering over the surface of the guide tube, or it 
may be a separate covering attached to the distal end of the guide tube. This covering may 
also be attached to or near the distal ^d of the endoscope to maintain a seal between the 
endoscope shaft and the guide tube. The coverings and their variations may be attached by 
any conventional method as practicable. If the covering over the distal end of the guide 
tube is utilized, as the distal portion of the endoscope shaft is advanced distally through the 
guide tube, the covering preferably expands distally along with the endoscope or simply 
slides distally along with the endoscope. When the shaft is retracted within the guide 
lumen, the covering again preferably retracts proximally along with the proximal 
movement of the distal end of the endoscope or it may simply be retracted manually along 
with the endoscope. The use of the additional covering may also aid in maintaining the 
sterility of the internal lumen of the guide tube. 

BRIEF DESCRIFnON OF THE DRAWINGS 
[0014] Fig. 1 sho a variation of the guide tube assembly in which an endoscope 

is pushed thxougjhi and siq>ported by a guide tube. 

[0015] Fig. 2 shows a cross-sectional view of the guide tube assembly of Fig. 1 . 
[0016] Fig. 3 shows the guide tube variation of Fig. 1 with a portion of the tube 
partially removed for clarity. 

[0017] Fig. 4 shows a variation on a steerable endoscope having a selectively 
steerable distal portion and an automatically controllable proximal portion which may be 
used with the rigidizable guide tube. 

[0018] Fig. 5 shows a wire frame model of a section of the automatically 

controllable endoscope traversing an arbitrary curve. 

[0019] Fig. 6A shows a variation in which the distal end of the endoscope remains 

unattached to the flexible covering. 

[0020] Fig. 6B shows another variation in which the distal end of the endoscope is 

attached to the flexible covering. 

[0021] Fig. 7 shows the distal end of the endoscope extending past the distal end of 

the guide tube and the flexible covering extending distally along with the endoscope. 

4 
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[0022] Fig. 8A shows another variation in which the covering is configured as an 

elastic tubular structure. 

[0023] Fig. 8B shows another variation in which the covering is configured as an 

elastic diaphragm structure. 

[0024] Fig. 9 shows the variations of Figs. 8A and 8B in which the endoscope is 
extended distally. 

[0025] Fig. 1 0 shows yet another variation in which a plastic covering is used to 
cover the endoscope and guide tube. 

[0026] Figs. 1 1 A to 1 IE show a variation on advancing an endoscope through a 
colon using the guide tube as support 

[0027] Fig. 12 shows a variation in wdiich the guide tube may be withdrawn firom 

the colon while leaving flie endoscope behind. 

DETAILED DESCRIPnON OF IHE INVENTION 
[0028] As shown in Fig. 1, a representative illustration of a variation on guide tube 
assembly 10 is seen partially disassembled for clarity. Assembly 10 generally comprises an 
radoscope 12 which is insertable witibin guide tube 14 througli guide lumra 16. Endoscope 
12 may be any conventional type endoscope having a handle 18 with shaft 20 extending 
therefrom. The distal end of shaft 20 preferably comprises a controllable distal portion 22 
which may be mampulated to facilitate die steering of the device tfaroug^h the body. 
Endoscope shaft 20 may be slidingly disposed within guide lumen 16 such that controllable 
distal portion 22 is able to be passed entirely through guide tube 14 and out distal opening 
24 defined at the distal end of tiibe 14. 

[0029] Alternatively, guide tube 14 may also be used with an endoscope having an 
automatically controlled proximal portion and a selectively steerable distal portion, as 
described in fiuther detail below* Such a controllable endoscope may have a distal portion 
which is manually steerable by the physician or surgeon to assume a shape to traverse an 
arbitrary curved path and a proximal portion \s*ich is automatically controlled by, e.g., a 
computer, to transmit the assumed shape along the proximal portion as tixe endoscope is 
advanced or withdrawn. More detailed examples are described in copending U.S, Patent 
Application Serial No. 09/969,927, which has been incorporated above by reference in its 
entirety. 
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[0030] One example of such an endoscope is shown m Fig. 4, which shows one 

variation of steerabie endoscope 80. Endoscope 80 has an elongate body 82 with a 
manually or selectively steerabie distal portion 84 and an automatically controlled proximal 
portion 86. The selectively steerabie distal portion 84 can be selectively steered or bent vp 
to a full 1 80° bend in any direction. A fiberoptic imaging bundle 92 and one or more 
illumination fibers 94 may extend through body 82 from proximal end 90 to distal end 88. 
Alternatively, endoscope 80 may be configured as a video endoscope with a miniaturized 
video camera, e.g., a CCD camera, positioned at distal end 88 of endoscope body 82. The 
images from the video camera may be transmitted to a video monitor by a transnussion 
cable or by wireless transmission where images may be viewed in real-time or recorded by 
a recording device onto analog recording medium, e.g., magnetic tape, or digital recording 
medium, e.g., compact disc, digital tape, etc. Optionally, body 82 of endoscope 80 may 
include one or two instrument channels 96, 98 that may also be used for insufflation or 
irrigation, air and water channels, vacuum chaimels, etc. Body 82 of endoscope 80 is 
preferably highly flexible so that it is able to bend around small diameter curves without 
buckling or kinking while maintaining the various channels intact When configured for 
use as a colonoscope, body 82 of the endoscope 80 may range typically from 135 to 185 cm 
in length and approximately 12-13 mm in diameter. Endoscope 80 can be made in a 
variety of o1h» sizes and configurations for other medical and industrial applications. 
[0031] . A proximal handle 100 is attached to proximal eod 90 of elongate body 82. 
Handle 100 may include ocular 104 connected to fiberoptic imagmg bundle 92 for dkect 
viewing and/or for connection to a video camera 106 or a recording device 108. Handle 
100 may be connected to an illumination source 110 by illumination cable 116 that is 
connected to or continuous with illumination fibers 94. A first luer lock fitting 112 and a 
second luer lock fitting 114 on the handle 100 may be connected to instrument channels 96, 
98. 

[0032] HandlelOOmaybeconnectedtoanelectronicmotionconttoller 122by way 
of controller cable 118. Steering control 102 may be connected to electronic motion 
controller 122 by way of a second cable 120. Steering control 102 mscy allow the user to 
selectively ste^ or bend selectively steerabie distal portion 84 of body 82 in tiie desired 
direction. Steering control 102 may be a joystick controller as shown, or other known 
steering control mechanism. Electronic motion controller 122 may control the motion of 
automatically controlled proximal portion 86 of body 82. The electronic motion controller 
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122 may be implemented using a motion control program running on a microcomputer or 
using an application-specific motion controller. Altematively, electronic motion controller 
122 may be implemented using, a neural network controller. 
(0033] An axial motion transducer 124 may be provided to itneasure the axial 

motion of the endoscope body 82 as it is advanced and withdrawn. The axial motion 
transduce 124 can be made in many possible configumtions. By way of example, the axial 
motion transducer 124 in Fig. 4 is configured as a ring 126 that may entirely or partially 
surround body 82 of endoscope 80. The axial motion transducer 124 is preferably attached 
to a fixed point of reference, such as the surgical table or the insertion point for endoscope 
80 on the patient's body. As body 82 of endoscope 80 slides through axial motion 
transducer 124, it produces a signal indicative of the axial position of endoscope body 82 
with respect to the fixed point of reference and sends a signal to electronic motion 
controller 122 by telemetry or by a cable (not shown). Axial motion transducer 124 may 
use optical, electronic or mechanical methods to measure the axial position of endoscope 
body 82. Other possible configurations for the axial motion transducer 124 are fiirther 
described in copending U.S. Patent Application Serial No. 09/969,927. 
[0034] Fig. S shows a wire fiame model of a section of body 82 of endoscope 80 in 

a neutral or straight position. Most of the internal structure of endoscope body 82 has been 
eliminated m this drawing for the sake of clarity. Endoscope body 82 is divided up into 
segmmts or sections 1, 2, 3, etc. The geometry of each segment is defined by four 
length measurements along the a, b, c and d axes and each of the adj acent segments are 
preferably interconnected via joints which allow the independent angular movement and/or 
rotation of each segmrat relative to one another. For example, the geometry of segment 1 
is defined by the four lengtili measurements /la, /ib» he i\6, the geometry of segment 2 is 
defined by lliei four length measurements /28> lib, he* iid, etc. Each adjacent segment 1, 2, 3, 
etc., are preferably individually controlled by linear actuators (not shown), e.g., electric, 
pneumatic, hydraulic, etc. motors. The linear actuators may utilize one of several different 
operating principles. For example, to bend the radoscope body 82 ui tiie direction of tiie a 
axis, the measurements /ia> ^2»> hn- • -^loa can be shortened and the measm:ements /ib, h\h 
hh' • *hob would be lengthened an equal amount The amount by which these measurements 
are changed determines the radius of the resultant curve. Altematively, individual motors 
may be actuated to move adjacent segments relative to one another to effect a resultant 
curvature, as described in fiirther detail in U.S. Patent Application Serial No. 09/969,927. 
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[0035] In the automatically controlled proximal portion 86, each segment may be 

automatically controlled by electronic motion controller 122, which uses a curve 
propagation method to control tiie shape of endoscope body 82. Endoscope body 82 has 
been maneuvered through the curve in colon C with the benefit of selectively steerable 
distal portion 84 and now automatically controlled proTcimal portion 86 resides in the curve. 
When endoscope body 82 is advanced distally by one unit, segment 1 moves into the 
position marked l\ segment 2 moves into fhe position previously occupied by segment 1, 
segment 3 moves into the position previously occupied by segment 2, etc. The axial 
motion transducer 124 produces a signal indicative of the axial position of endoscope body 
82 with respect to a fixed point of reference and sends the signal to the electronic motion 
controller 122, under control of the electronic motion controller 122, each time endoscope 
body 82 advances one unit, each segment in automatically controlled proximal portion 86 is 
signaled to assume the shape of the segment that previously occupied the space that it is 
now UL Thus, the curve propagates proximally along the length of automatically controlled 
proximal portion 86 of endoscope body 82. The curve appears to be fixed in space, as 
endoscope body 82 advances distally. 

[0036] Similarly, when the endoscope body 82 is witiidrawn proximally, each time 

endoscope body 82 is moved proxinudly by one unit, each segment in automatically 
controlled proximal portion 86 is signaled to assume the shape of the segment that 
previously occupied the space that it is now in. The curve propagates distally along the 
length of the automatically eontrolled proximal portion 86 of endoscope body 82, and the 
curve appears to be fixed in space, as endoscope body 82 withdraws proximally. Whenever 
endoscope body 82 is advanced or withdrawn, axial motion transducer 124 preferably 
detects the change in position and electronic motion controller 122 propagates the selected 
curves proximally or distally along automatically controlled proximal portion 86 of 
endoscope body 82 to maintain the curves in a spatially fixed position. This allows 
endoscope body 82 to move tbrou^^ tortuous curves without putting unnecessary force on 
tiie walls of colon C. 

[0037] One example of using assembly 10, e.g., in the colon, the physician or 
surgeon may typically first advance distal portion 22 of endoscope 12 within the body of 
the patient Upon reaching the first point at which endoscope 12 requires steering to 
negotiate a curved pathway, the user may appropriately steer distal portion 22 to assume a 
curve for traversing the pathway. At this point with endoscope 12 held stationary relative 
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to the patient, guide tube 14 may be advanced over shaft 20 until the distal end of guide 
tube 14 is at, a short distance before, or a short distance past, the distal tip of controllable 
distal portion 22. The short distance is considered to range anywhere from a few 
centimeters to several mches. While guide tube 14 is advanced over shaft 20, tube 14 is 
preferably in a non-rigid state and is flexible enough to assume the curve formed by 
controllable distal portion 22. 

[0038] Once tube 14, or at least its distal portion, has assumed the curve formed by 

controllable distal portion 22, tube 14 is rigidized preferably along its length to hold its 
assumed shape. Once this is accomplished, shaft 20 of endoscope 12 may be further 
advanced within the rigidized guide tube 14 to traverse the curved pathway without having 
to place any pressure against the walls of the colon. 

[0039] Alternatively, if automatically controllable endoscope 80 is utilized, it may 

generally be used in the same manner as conventional endoscope 12. However, because 
endoscope body 82 is automatically controllable either along its entire length or along 
several segments proximally of steerable distal portion 84, the steerable distal portion 84 
may be advanced farther past the distal end of guide tube 14 than might be possible with 
conventional endoscope 12. Controllable endoscope 80 may be used in all other aspects 
similarly as conventional endoscope 12 as descaibed herein. 

[0040] Returning to Fig. 1 , bellows or covering 26 may cover distal opening 24 of 
guide tube 14 to prevent the entry of defaris and fluids within guide lumen 16. As distal 
portion 22 of shaft 20 is advanced distally flirough tube 14 and out of guide lumen 16» 
coverii^ 26 is preferably configured to ^and distally either over or with shaft 20 while 
maintaining a seal with guide lumen 16. When shaft 20 is retracted wilfain guide lumen 16 
or when guide tube 14 is advanced distally relative to shaft 20, covering 26 is preferably 
configured to retract proximally back over distal opening 24 along with the proximal 
movravent of distal portion 22. The \ise of covering 26 is optional and may be used to 
maintain the sterility of guide lumen 16. Covering 26 may also be used to prevent &e 
pinching and tearing of tissue when shaft 20 is withdrawn within guide lumen 16. 
[0041] Gtude tube 14 may be any conventional appropriately flexible conduit which 

is capable of being rigidized along its entire length. The variation shown in Fig. 1 is 
comprised of a plurality of individual segments 28 which are linked adjacoit to one another 
via several, i.e., more than one, tensioning wires or elements 30. Segments 28 may be a 
series of interconnecting ball-and-socket type segments which allow adjacent segments 28 
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to angularly pivot relative to one another to form an angle for traversing curves. These 
segments 28 may be rigidized via tensioning elements 30 which may be placed 
circumferentially about segments 28, as shown in Fig. 2, which is a cross-sectioned view of 
assembly 10 firom Fig. 1. In this variation, there are four tensioning wires 30A, SOB, 30C, 
SOD which are each placed 90^ relative to one another. Although four wures are shown in 
this example, a fewer number of wires may also be used, e.g., three wires. Each of these 
wires 30A, SOB, 30C, SOD may be routed through an integral channel or lumen defined in 
the walls of each segment 28. Moreover, they may be individually manipulated or they 
may all be manipulated simultaneously to effect a tensioning force for either rigidizdng or 
relaxing guide tube 14 along its length. 

[0042] Fig. 2 also shows the relative positioning of shaft 20 in relation to segment 

28. As seen, shaft 20, which may contain any number of channels 34 for illumination 
fibers, optical fibers, etc., and woridng channels 34, is slidingly disposed withm guide 
lumen 16. This variation shows a gap separation between the outer surface of shaft 20 and 
the inner surface of segment 28. This gap may vary depending upon the diameter of the 
endoscope being used and the desired cross-sectional area of guide tube 14, but a nominal 
separation is preferable to allow the uninhibited traversal of shaft 20 within guide lumen 
16. An example ofarigidizablecondmtstnictuie which may be utilized as 
present invention is shown and described in furdier detail in U.S. Pat No. 5,251,61 1 to 
Zehel et al., yMoh is incorporated herein by refirarence in its entirety. 
[0043] The outer surface ofguide tube 14 preferably has a tubdar covering 32 

^ch covers at least a majority of tube 14. Tubular covering 32 may provide a barrier 
between the debris and fluids of tbe body envux>mnent and the interior guide lumen 1 6, if 
also used with covering 26. Moreover, covering 26 may be an integral extension of tubular 
covering 32 and may accordingly be made firom a continuous layer of material. Tubular 
covering 32 may also provide a lubricous cover to &cilitate the insertion and movement of 
guide tube 1 4 along the walls of the body lumen as well as to provide a smooth sur&ce 
inbetwem the individual segments 28 to prevent the tissue from being pinched or trapped. 
Tubular covering 32 may be made 6om a variety of polymeric materials, e.g., FIFE, FEP, 
Tecoflex, etc. 

[0044] Fig. 3 shows a side view of guide tube variation 14 with a portion of the 

wall partially removed for clarity. As shown, individual segments 28 are aligned adjacent 
to one another with interconnecting sleeves 40 placed inbetween. Sleeves 40, in this 
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variation, may be used to provide a pivoting structure to allow guide tube 14 to flex into 
different positions. Alternatively, segments 28 may be curved ball-and-socket type joints 
configured to interfit with one another. Tubular covering 32 may also be seen to cover at 
least the majority of guide tube 14. Optionally, a distal end portion of guide tube 14 may 
be configured to be controllable such that guide tube 14, like the controllable distal portion 
22 of fhe endoscope 12, may define an optimal path for traversal. 
[0045] Bellows or covering 26 may optionally be appended to fhe distal end of 

conventional endoscope shaft 20 or controllable shaft 82. Throughout the description 
herein, automatically controllable endoscope 82 may be interchanged with conventional 
endoscope 12 when used in guide tube 14 as well as with the use of bellows or covering 26. 
Although descriptions on the method of use may describe use with conventional endoscope 
12, this is done for brevity and is not intended to be limiting. The description is intended to 
apply equally to use with controllable endoscope 80 since the two may be easily 
interchanged depending upon the desired use and result Fig. 6A shows one variation in 
which shaft 20 or 80 is unattached to covering 26 such that endoscope 12 may be fireely 
inserted and withdrawn firom guide lumen 16. Covering 26 may be omitted altogether &om 
the assembly but is preferably used not only to help maintain an unobstructed guide lumen 
16, but also to prevent the walls of the body lumen fix>m being pinched between the 
endoscope shaft 20 or 80 and guide tube 14 during advancement of the assembly. As seen 
in Fig. 6A, covering 26 may be separately attached at attachment region 50 to the outer 
sur&ce or distal edge of guide tube 14. Covering 26 may also fiirther conq^rise a gusseted 
region 52 which allows the covering 26 to be compressed into a small compact profile and 
expanded much like a bellows during shaft 20 or 80 advancement When shaft 20 or 80 is 
withdrawn, gusseted re^on 52 may allow covering 26 to xecompress or reconfigure itself 
back into its compacted shape. In this variation, covering 26 is unattached to shaft 20 or 
80; therefore, once the assembly has reached a predetermined location within the colon, 
covering 26 may be rmoved through a working channel within radoscope 12 or the 
working tools may simply be pierced through covering 26, althoug^h this is less preferable, 
before a procedure may be begin. 

[0046] Fig. 6B shows another variation where covering 26 may be attached to the 

endoscope shaft 20 or 80 near or at the distal end of controllable distal portion 22 along 
attachment region 54. As shaft 20 or 80 is advanced or withdrawn fix)m guide lumen 16, 
covering 26 remains attached to the endoscope 12. Fig. 7 shows shaft 20 or 80 being 
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advanced to a distal position through guide lumen 16. As shaft 20 or 80 is advanced, 
gusseted region 52 may be seen expanding to accommodate the distal movement The 
gusseted region 52 may be configured to allow shaft 20 or 80 to be advanced to any 
practical distance beyond guide tube 14, e.g., a few or several inches, depending upon the 
application. With this variation, shaft 20 or 80 may be extended through guide lumen 16 to 
ttiis distal position prior to first advancing shaft 20 or 80 within the colon of a patient as 
well as to allow enough room so that the controllable distal portion 22 may have enough 
space to be manipulated to assume a desired shape or curve over which guide tube 14 may 
be advanced over. 

[0047] Another variation is shown in Fig. 8 A in which covering 60 may be 

configured as an elastic tubular member. As seen, when endoscope shaft 20 or 80 is in a 
retracted position, covering 60 may be configured to form a tubular structure when relaxed. 
As endoscope shaft 20 or 80 is advanced distally, as seen in Fig. 9, covering 60 may stretch 
along with shaft 20 or 80 to maintain the sterility of guide lumen 16, 
[0048] Yet another variation is shown in Fig. 8B hi which covering 62 may be 

configured as an elastic rolling diaphragm- When endoscope shaft 20 or 80 is retracted, 
covering 62 may be configured to evert iq>on itself such that part of covering 62 may be 
pulled proximally into guide Ivmsa 16. Such a covering 62 material may comprise any 
number of elastomers, elastomeric materials, or nibber-lype materials, e.g., neoprene or 
latex. When endoscope shaft 20 or 80 is advanced distally, covering 62 may likewise 
revert and stretch distally along with shaft 20 or 80, also as shown in Fig. 9. 
[0049] Alternatively, the covering may simply be a plastic covering or wrapp^ 64 

which is non-elastic, as shown in Fig. 10. Such coverings 64 are conventionally available 
and may be advanced along with endoscope shaft 20 or 80 and retracted likewise as 
endoscope shaft 20 or 80 is retracted. 

[0050] Figs. 11 A to 1 IE show one variation of advancing a conventional endoscope 
12 using the guide tube 14. Fig. 1 1 A shows an illustrative colon C of a patient Endoscope 
12 may be inserted witiiin colon C through the anus A of the patient As l&e distal portion 
22 is advanced through rectum R, it encounters its first point of curvature. Here, 
controllable distal portion 22 may be manipulated much as a conventional endoscope to 
select an optimal path into sigmoid colon S. The optimal path is one which presents the 
most efficient path for advancing endoscope 12 with the least amount of contact against the 
walls of colon C. 
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[0051] Once distal portion 22 has been manipulated to select the appropriate shape, 

guide tube 14 may be advanced trough anus A and rectum R over endoscope 12 while 
endoscope 12 is maintained stationary relative to colon C. Guide tube 14 is preferably in a 
relaxed state and is able to conform easily to the shape defined by controllable distal 
portion 22. Guide tube 14 may be advanced to the distal end of distal portion 22, a short 
distance before, or a short distance past fhe distal end of portion 22, as shown in Fig. 11 B . 
Once guide tube 14 has been advanced distally, it may be rigidized along its length such 
that it maintams the shape defined by endoscope 12. 

[0052] Then, with guide tube 14 rigidized, it is preferably held stationary relative to 

colon C while endoscope 12 is further advanced through guide tube 14 until distal portion 
22 reaches the next point of curvature. Controllable distal portion 22 may then be 
manipulated to select an optimal path into descending colon D, as shown in Fig. 1 IC. 
Once the optimal path has been selected, endoscope 12 is preferably maintained stationary 
relative to colon C v/tdle guide tube 14 is placed into its relaxed state and advanced over 
endoscope 12. Guide tube 14 may be advanced distally until the distal end of endoscope 12 
is reached, as shown in Fig. 1 ID. At this point, guide tube 14, having assumed the shape 
defined by controllable distal portion 22, may be rigidized along its length to maintain this 
shape. Endoscope 12 may then be advanced distally again, as seen in Fig. 1 IE, while using 
the rigidized guide tube 14 to provide the column strengOi to advance endoscope 12 
without the need to unnecessarily contact the walls of colon C Endoscope 12 may be 
advanced until distal portion 22 reaches flie flexure between descending colon D and 
transverse colon T. Once this point is reached, the steps described above may be repeated 
as necessary until endoscope 12 has negotiated its way through transverse colon T, and 
ascending colon G until cecum E has been reached, or until a desued location withm colon 
C has been reached. 

[0053] At any pomt during the e^lomtory procedure, guide tube 14 may be 
removed fit>m colon C while leaving endoscope 12 behind, as shown in Fig. 12 by tube 
withdrawal 70. Ifendoscope 12 were left widiin colon C, the endoscope 12 nmy be use^ 
and manipulated as any convmtional oidoscope or colonoscope would be during a 
conventional colonoscopy examination. Guide tube 14 may also be partially retracted to 
allow the distal portion 22 to be steered or manipulated to examine or treat the colon C 
while still providing support and guidance to the proximal scope section of endoscope 12. 
To remove the assembly from colon C, guide tube 14 may first be withdrawn, as shown. 
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and endoscope 12 may be subsequently withdrawn. Alternatively, the above steps may be 
repeated in reverse order to withdraw both guide tube 14 and endoscope 12 from colon C. 
[0054] The applications of the guide tube system and methods of use discussed 

above are not limited to regions of the body but may include any number of further 
treatment applications. CMher treatment sites may include areas or regions of the body 
around organ bodies. AdditionaUy, the present invention may be used in other 
environments which present tortuous paths such as exploratory procedures on piping 
systems, ducts, etc. Moreover, various other rigidizable guide tube apparatus and 
applications may be utilized beyond what is described herein. Modification of the above- 
described assemblies and methods for carrying out the invention, and variations of aspects 
of the invention that are obvious to those of skill in the art are intended to be within the 
scope of the claims. 
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CLAIMS 

What is claimed is: 

1. A system for advancing an endoscope through a tortuous path, comprising: 
an endoscope shaft having a proximal end, a controllable distal end, and a length 

therebetween; and 

an elongate guide tube having a length which deiSnes a lumen therethrough and 
wherein the guide tube is adapted to slidingly receive tiie endoscope shaft within the lumen, 
the guide tube further comprising at least one tensioning member disposed along Ifae length 
of the guide tube for selectively rigidizing the length of the guide tube, 

wherein at least a portion of the guide tube is further adapted to conform to and 
maintain a shape defined by the controllable distal end when the tensioning member is 
under a tensioning force. 

2. The system of claim 1 wherein the endoscope shaft comprises a conventional 
endoscope shaft. 

3. The system of claim 1 wherein the endoscope shaft comprises an elongate body 
having a proximal end and a selectively steerable distal end and defining at least one lumen 
therebetween, the elongate body comprising a plurahty of segments interconnected via 
joints, and at least one motor attached to each of at least a majority of segments for 
actuating an adjacent segment and \^erein each motor is independently controllable, 
vberein when the distal end assumes a selected curve, the plurality of segments are 
configured to propagate tiie selected curve along the elongate body by each motor 
selectively actuatmg the adjacent segment 

4. The system of claim 1 i^herein the guide tube comprises a plurality of segm^ts 
which are connected adjacently, vrfierein at least a majority of the segments are angularly 
movable relative to one another. 

5. The system of claim 1 wherein the guide tube comprises at least three tensioning 
members disposed along the length of the guide tube. 
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6. The system of claim 5 wherein each of the tensioning members are located 
circumferentially relative to one another about the guide tube. 



7. The system of claim 1 further comprising a tubular covering disposed over at 
least a majority of an outer surface of the guide tube. 

8. The system of claim 1 fiirther comprising a covering disposed over a distal end 
of the guide tube limien. 

9. The system of claim 8 wherein the covering comprises a gusseted region which 
is adapted to expand fiom a first compressed configuration to a second longitudinally 
expanded configuration as the endoscope shaft is advanced distally relative to the distal end 
of the guide tube lumen. 

10. The system of claim 8 wherein the covering is adapted to evert upon itself 
when the endoscope shaft is positioned within the guide tube lumen. 

11. The system of claim 8 wherein the covering is adapted to stretch distally when 
the endoscope shaft is advanced distally relative to the distal end of guide tube. 

12. Thesystemof claims wherein the covering is attached between the distal end 
of the guide tube and along a distal location on the endoscope shaft. 

13. Thesystemof claim 8 i^erein the covermg is attached between the distal ra^ 
of the guide tube and over the distal end of the endoscope shaft. 

14. The system ofclaim 8 wheiein die covering is disposed entirely over the distal . 
end of tiie guide tube lumen and the distal end of the endoscope shaft. 

15. A method of advancing an endoscope through a tortuous path, comprising: 
advancing an endoscope shaft along the tortuous path until a curve in the path is 

encountered; 
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manipulating a controllable distal end of the endoscope shaft to assume an arbitrary 
shape to traverse the curve; 

advancing a guide tube in a flexible state over the endoscope shaft such that a 
portion of the guide tube assimies the arbitrary shape defined by the distal end of the 
endoscope shaft; 

rigidizing a length of the guide tube such tiiat the arbitrary shape is maintained by 
the guide tube; and 

further advancing the mdoscope shaft through the rigidL^ guide tube. 

16. The method of claim IS further comprising relaxing the guide tube. 



17. The method of claim 15 wherein advancing the guide tube in the flexible state 
comprises advancing the guide tube over the endoscope shaft 

18. The method of claim 17 wherein the guide tube is advanced over the endoscope 
shaft until a distal end of the guide tube is located adjacent with, just proximally, or just 
distally of the distal end of the endoscope shaft 

19. The method of claim IS herein manipulating the controllable distal end of the 
endoscope comprises manually controlling the distal end to assume the arbitrary shape. 

20. Themethodof claim 15 wherein advancing tbe guide tube comprises 
e3q>and3ng a covering disposed over the distal end of the guide tube as endoscope shaft is 
advanced distally relative to the guide tube. 

21. The method of claim 15 i;\dierein rigidizing the length of the guide tube 
conipises tensioning at least three tensioning members disposed along the length of the 
guide tube. 
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